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(54) FUEL CONTROLLER OF ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control combustion in its 
desirable state by calculating an air quantity per cylinder 
on the basis of combustion pressure information per 
cylinder and directly feeding a fuel quantity matching to 
the air quantity. 

SOLUTION: Control is carried out to place combustion 
in its attempted state in such a manner as using a 
cylinder internal pressure sensor 8, calculating an air 
quantity per cylinder on the basis of pressure 
information per cylinder, directly feeding a fuel quantity, 
matching the abovementioned air quantity into a 
combustion chamber 4 by means of a fuel injection valve 
10. In this case, it is possible to utilize a throttle valve 
opening information for a controlling calculating signal as 
the load function of an engine and further to draw out 
such information necessary for finding out a combustion 
state from a combustion pressure wave form pattern 
and integral value and differential value thereof. 
Therefore, since the combustion pressure inside of each 
cylinder of an engine is practically detected, factors concerning the combustion can be analyzed 
in actual time, and such control can be practiced as supplying the optimum quantities at the 
optimum timing for every cylinder for both fuel quantity and ignition timing. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The engine combustion control system which has a means detects the signal of a sensor and 
process it in the internal combustion engine which consists of two or more cylinders whenever [ in 
response to rotation of the throttle valve which controls the air content with which the set section of an 
inlet pipe was equipped / means / detect a firing-pressure signal /, and throttle valve-opening ], specifies 
engine operational status from an engine revolution signal and said firing-pressure signal, and controls 
the fuel quantity related to engine combustion and operation, ignition timing, etc. 
[Claim 2] The engine combustion control system of claim 1 which sets for a means to detect the firing- 
pressure signal of each engine cylinder, and detects and memorizes the pressure signal corresponding to 
two signals whenever [ crank angle / of the specification / an inlet valve / of closing and a compression 
stroke ], and computes the volume accompanying piston migration from a physical value peculiar to an 
engine, and computes the air content in a cylinder from said calculated cylinder internal pressure value. 
[Claim 3] The engine combustion control system of claim 1 which specifies engine operational status 
with two parameters of a firing-pressure signal whenever [ throttle valve-opening ], especially uses a 
throttle opening signal as an engine load signal as a signal of an engine operation situation, and 
determines fuel quantity and ignition timing. 

[Claim 4] The engine combustion control system of claim 1 which controls the fuel injection equipment 
which carries out injection supply of the direct fuel to the combustion chamber for every cylinder based 
on the opening signal of the throttle valve laid in the engine firing-pressure signal and the engine inlet- 
pipe set section of each cylinder. 

[Claim 5] the electromagnetism of high pressure-proofing for the object which measures fuel quantity as 
an internal combustion engine's fuel-supply system ~ the engine combustion control system of claim 1 
which is made to equip each cylinder with a solenoid valve, computes fuel quantity based on said 
operation air content, and supplies the fuel in a direct cylinder to a certain specific timing. 
[Claim 6] said electromagnetism — the engine combustion control system of claim 5 characterized by 
equipping the solenoid valve with a cooling means. 

[Claim 7] The engine combustion control system of claim 1 characterized by having formed and 
intercepted the dashboard inside the hollow cylinder object as a means to detect an internal combustion 
engine's firing-pressure signal, having separated into the lower part which receives a firing pressure, and 
the upper part which receives atmospheric pressure, having included the pressure-sensitive resistance 
element in the external wall surface of each part, having included installation and each pressure sensitive 
device in the Wheatstone bridge circuit, and offsetting the effect of an engine ambient temperature. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the engine combustion control system which acquired 
the inhalation air content required for engine Air Fuel Ratio Control from the detection result of cylinder 
internal pressure. 
[0002] 

[Description of the Prior Art] In the gasoline engine of an internal combustion engine, especially an 
automobile, the amount control of fuel supply of high degree of accuracy is required as emission gas 
purification from the standpoint of energy saving. Then, the amount of fiiel supply is calculated by 
detecting an inhalation air content to accuracy from the former, and the approach of controlling an air- 
fuel ratio is adopted widely. However, since an inhalation air content was influenced by the compression 
effectiveness of the volume of an inlet pipe, and a fluid etc., the flow rate of the air actually inhaled by 
each engine cylinder did not obtain a guessed region, therefore with the conventional technique, is the 
point of exact Air Fuel Ratio Control, and had left many room of amelioration. 
[0003] Furthermore, more exact engine control is desired by the consolidation of an emission 
requirement, investigation of saving resources, etc., and a cure against clarification of HC (hydrocarbon 
of non-**) and NOx (nitrogen oxides) which is especially the hardest to purify by the ringleader of a 
global environmental destruction in exhaust air is desired strongly in recent years. 
[0004] Then, the approach of purifying with the three way component catalyst installed in the exhaust 
pipe about these [ HC and NOx ] which were generated with the engine and the method of inhibiting 
combustion with exhaust gas reflux (EGR) equipment about still more troublesome NOx by raising an 
engine exhaust-gas temperature and drawing purifying HC for acceleration of oxidation, and making it 
the nitrogen gas in a cylinder not become the combustion temperature which does not result in thermal 
dissociation were adopted from the former. However, so to speak, these approaches are engine control 
by the indirect sensing technique, and it cannot be said that exhaust air clarification in true semantics 
and the improvement in fuel consumption are obtained. 
[0005] 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional technique is based on the 
indirect sensing technique, and could not say that consideration was fully carried out to engine 
operational status about the control corresponding to accuracy, but had a problem in respect of precision. 
That is, although high control of precision is needed for it being for the severe emission requirement 
which should reduce the amount of HC of the large quantity generated at the time of engine start up (less 
than 2 minutes) within 10% of the present level to age 1998, and to be enforced, and corresponding to 
this, it cannot respond with the conventional technique. 

[0006] In this invention, based on the firing-pressure information for every cylinder, the air content for 
every cylinder is calculated, the fuel corresponding to this air content is directly supplied in a cylinder, 
and it aims at controlling to be in the condition that combustion means. In this case, the information on 
whenever [ throttle valve-opening ] is used for the operation signal for control as an engine load 
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function. 

[0007] Whenever [ crank angle / which can pull out required information when getting to know a 
combustion condition from the pattern of a combustion pressure wave form, an integral value, and a 
differential value, and shows a peak firing pressure ] furthermore, the signal of a location 
Conventionally, becoming output max is known for whenever [ after / a compression top dead center / 
10-15 crank-angle ], if ignition-timing control which goes into the range whose peak pressure power 
point is whenever [ this crank angle ] is performed, operation at the torque maximum point can be 
realized and exhaust air clarification and a fuel economy can be improved substantially. 
[0008] That is, whenever [ engine firing-pressure value and throttle valve-opening ], an engine load 
situation is presumed from a signal, it controls at the air-fuel ratio and ignition timing which can 
maintain the optimal combustion in all operational status, and the technical problem of fuel consumption 
and emission is solved. 
[0009] 

[Means for Solving the Problem] The above-mentioned object detects operational status from a signal 
whenever [ firing-pressure signal / of each cylinder /, and throttle valve-opening ], and to any operation 
situations, a fuel economy and exhaust air clarification nature are attained, as it improves. 
[0010] If it explains in more detail, he supplies directly the fuel which calculated the air content for 
every cylinder and balanced this air content in a cylinder based on the pressure information for every 
cylinder, and is trying to control by this invention to be in the condition that combustion means. In this 
case, the information on whenever [ throttle valve-opening ] can be used for the operation signal for 
control as an engine load function, and can pull out required information when getting to know a 
combustion condition from the pattern of a combustion pressure wave form, an integral value, and a 
differential value further. 

[001 1] On the other hand, whenever [ crank angle / which show a peak firing pressure ], becoming 
output max be know for whenever [ after / a compression top dead center / 10-15 crank angle ] from the 
former, and if ignition timing control which go into the range whose peak pressure power point be 
whenever [ this crank angle ] be perform, the signal of a location can realize operation at the torque 
maximum point, and can improve exhaust air clarification and a fuel economy substantially. So, in this 
invention, whenever [ engine firing-pressure value and throttle valve-opening ], an engine load situation 
is presumed from a signal, it controls at the air- fuel ratio and ignition timing which can maintain the 
optimal combustion in all operational status, and the technical problem of fuel consumption emission is 
solved. 
[0012] 

[Function] In this invention, since the firing pressure in each engine cylinder is detected actually, the 
factor related to combustion can be analyzed in the real time, and control whose fuel quantity and 
ignition timing supply the optimal amount for every cylinder at the optimal stage can be performed. 
Consequently, better exhaust air clarification and the improvement in fuel consumption will be obtained. 

[0013] Moreover, since the pressure in an engine cylinder has be detect actually in this way according to 
this invention, can analyze the factor related to combustion in the real time, and activation of control to 
which fuel quantity and ignition timing supply the optimal amount for every cylinder at the optimal 
stage is attain, and since the air- fuel ratio, ignition timing, and the amount of EGR(s) which are a fuel 
+ economy and the factor which participates in poisonous emission gas for this reason are controllable 

with a sufficient precision, it is effective also in environmental protection. And even if the severe 
emission requirement which should, as a result, reduce the amount of HC of the large quantity generated 
at the time of engine start up (less than 2 minutes) within 10% of the present level will be enforced 
someday, it can fully respond. 
[0014] 

[Example] Hereafter, the example of a graphic display explains the engine control system using the 
cylinder internal pressure sensor by this invention to a detail. Drawing 1 is one example of this 
invention, in drawing, 1 expresses an engine, there is a combustion chamber 4 which consists of a piston 
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2 and a cylinder 3 in this, and this combustion chamber 4 is equipped with the inlet valve 5 and the 
exhaust valve 6. And the gaseous mixture drawn in the combustion chamber 4 is lit with an ignition plug 
7. A cylinder 3 will be equipped with the cylinder internal pressure sensor 8 which detects a pressure, 
and will be equipped with the cylinder internal pressure sensor 8 only for the number of cylinders in a 
multiple cylinder engine by this. 

[0015] For the so-called engine of the direct-injection method in a cylinder, for this reason, it is 
equipped with the fuel injection valve 10 which measures a fuel in the head of a cylinder 3 and is 
injected, and, thereby, this example is directly supplied for a fuel in each cylinder to the optimal timing. 
And in this way, although the fuel at this time is pressurized by fixed fuel pressure with the fuel pump 
which is not illustrated and is supplied, since extent of atomization of a fuel worsens, the fuel collision 
to a cylinder wall will arise and liquid membrane will be formed if the pressure of a fuel is not carried 
out more than a certain extent, the pressure of 50 atmospheric pressures - 100 atmospheric pressure is 
required for it in the direct-injection method which supplies a fuel directly in a cylinder. 
[0016] There are the throttle valve 1 1 which rotates according to a motion of an accelerator pedal (not 
shown), and a valve angle sensor 23 which detects the opening in an inlet pipe 9, the signal of the valve 
angle sensor 23 is inputted into a controller 15, and it is used for presuming the load of an engine 1 by 
the operation. The sensor 12 is formed in the crankshaft of an engine 1 whenever [ crank angle ], this 
signal is inputted into a controller 15, and an engine speed is calculated. Moreover, after the signal of the 
cylinder internal pressure sensor 8 and the signal of the oxygen density sensor 14 which measures an air- 
fuel ratio from the oxygen density in an exhaust pipe 13 also being incorporated by the controller 15, 
and data processing's being carried out in the arithmetic circuit 16 of an air-fuel ratio and calculating 
them by the comprehensive operation part 17, a command will be taken out to the fuel-injection- 
equipment command circuit 18, the ignition circuit command circuit 19, and the EGR equipment 
command circuit 20, and each equipment will be controlled by the optimal condition. 
[0017] Although the exhaust gas breathed out from the engine 1 is discharged from a tail pipe 22 to the 
open air through the catalyst equipment 21 with which the exhaust pipe 13 was equipped, at this time, 
the opening area of the EGR valve 24 prepared in the reflux way which connects an exhaust pipe 13 and 
an inlet pipe 9 is based on the signal of the cylinder internal pressure sensor 8 by the controller 15, and 
is measured and controlled, and, thereby, the exhaust gas of the specified quantity flows back in an inlet 
pipe 9. And combustion temperature is lowered based on the nonflammable gas mixture effectiveness by 
this, and a NOx discharge is reduced. 

[0018] Next, actuation of this example is explained. Although the typical pressure wave form in an 
engine cylinder comes to be shown in drawing 2 , a combustion pressure wave form presents Yamagata 
to whenever [ crank-angle ], and generally turns into a pressure wave form which is different in each 
stroke of compression, explosion, exhaust air, and inhalation after this so that clearly, and the peak- 
pressure value by combustion comes behind a compression top dead center, at the time of un-burning, 
becoming a pressure wave form for [ which makes a top dead center maximum ] right and left is shown. 
[0019] Then, since it is shown in this drawing 2 , the following thing is understood. 
** The compression stroke inlet valve is closed and can calculate a restoration air content from two 
points of the arbitration of this period. 

** A heat rate can be calculated from the inclination between the pressure buildups before an explosion 
line becomes a peak, the fuel quantity in a cylinder burns and mass can be calculated. From a peak- 
pressure value, a combustion maximum temperature is calculated by the operation. It can ask for the 
torque maximum ignition timing by supervising whenever [ crank angle / of a peak pressure ]. 
Furthermore, it turns out that the wave integral value of the specific period which is like an explosion 
line has an engine output and correlation with torque. 

** An exhaust air line can presume an exhaust-gas temperature, the amount of residual gas, etc. from the 
signal of this stroke. 

** The amount of EGR(s) and an inhalation air content can be calculated by the operation, referring to 
the pressure in an intake-stroke inlet pipe. 

[0020] Thus, although the information about various combustion is acquired from cylinder internal 
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pressure by the operation and the optimal engine control is attained, in order to compute an inhalation air 
content in the real time, calculating using the pressure signal of an intake stroke is optimal. It is because 
a fuel will be directly supplied to the cylinder after that and the optimal fuel quantity will be supplied. 
[0021] Drawing 3 shows an example of the valve-opening stage of the induction-exhaust valve of car 
motor, and a clausilium stage by whenever [ crank angle ], and it is a thing, and a closing motion stage 
becomes settled in the configuration of an engine cam shaft, and is almost universal. Therefore, the 
valve-opening stage and the clausilium stage are beforehand memorized by whenever [ crank angle ] to 
ROM of a controller 15, if the signal of the cylinder internal pressure sensor 8 is incorporated for a 
controller 15 whenever [ this crank angle ] synchronizing with a signal, a pressure value required for 
calculation of an inhalation air content is acquired, and the air content for every cylinder can be 
determined. So, a pressure signal is incorporated by whenever [ crank angle ], and as shown in drawing 
4 , it constitutes from this example at two places, A in front of ignition timing of a compression stroke, 
and B, so that the air content in a cylinder may be calculated from these differential pressure pressure 
values. 

[0022] First, the pressure signal value in a cylinder immediately after an inlet valve 5 closes and a piston 
2 goes into a compression stroke is incorporated and memorized whenever [ crank angle ] at the event of 
A. Next, the pressure signal value before a piston 2 goes up further and is lit with an ignition plug 7 is 
incorporated whenever [ crank angle ] at the event of B, and it asks for value deltaP which deducted the 
pressure signal value in A from this value whenever [ aforementioned crank angle ] by the operation. 
And with this delta P value, a table as shown in drawing 5 which memorized the relation between deltaP 
and an inhalation air content beforehand is searched, and this calculates a real air content from delta P 
value. 

[0023] Here, similarly as whenever [ concrete crank angle / A ], it consists of drawing 3 among 50 - 60 
degrees in front of a top dead center before [ drawing 3 to ] ignition timing as whenever [ crank angle / 
B ] 48 degrees in the dead point in the flash which the inlet valve 5 closed. 

[0024] You may make it calculate an inhalation air content by still more nearly another method in this 
example. That is, since the actual air content volume in a cylinder is convertible from deltaPV=nRT and 
the relational expression which can be, if temperature is amended to this, the weight of the inhaled air 
can be found. 

[0025] Then, the fuel of the amount corresponding to the air content computed as mentioned above is 
injected in the combustion chamber 4 of a cylinder 3 from an injection valve 10. It controls further here 
to become the air-fuel ratio which adjusted and meant fuel quantity according to engine operational 
status at this time, and although it is a matter of course, it can perform still more precise fuel quantity 
control by using the signal of the air- fuel ratio sensor 14 formed in the engine exhaust pipe 13. 
[0026] Here, since the volume by the piston 2 having moved from whenever [ crank angle / A ] to 
whenever [ crank angle / B ] is called for as a constant of an engine proper, deltaP (a part for a pressure 
buildup) can be further calculated from the signal value of two places of a combustion pressure sensor 
and the air density in a cylinder is known, the air content in a cylinder can be calculated, but if a flow 
chart shows this process, it will become like drawing 6 . That is, the cylinder internal pressure in B is 
measured by the cylinder internal pressure sensor 8 whenever [ crank angle / which was fixed / A ], and 
whenever [ crank angle ], and although an air content is calculated from the product of the volume 
change value between the migration strokes calculated from the physical value of an engine proper in 
advance (whenever [ crank angle / A ], and whenever [ crank angle ] between B), a real air content is 
calculated in the form where the effect of surrounding temperature was taken into consideration, next, 
the gaseous mixture which generally specified the engine by the weight ratio of air and a fuel, i.e., an 
air- fuel ratio, although fuel quantity was calculated based on the calculated air content — since 
concentration influences fuel consumption and exhaust air level, fuel quantity is computed from the air- 
fuel ratio prescribed to suit the air- fuel ratio defined beforehand with said calculated air content, and an 
actuation command is taken out to a fuel injection valve. 

[0027] The command of injection is serially taken out with the example of drawing 1 from a controller 
15 by the fuel injection valve 10 for every cylinder with which the engine is equipped, and a fuel 
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injection valve 10 operates along with this command. 

[0028] By making fiiel oil consumption into a parameter, drawing 7 is what showed the relation of 
differential pressure deltaP in whenever [ throttle valve-opening ], and a cylinder, and if the value and 
throttle opening of differential pressure deltaP prescribe the opening time amount width of face of a fuel 
injection valve, according to each operational status, the fuel quantity specified from the value of 
differential pressure deltaP and the sensor signal value of a throttle opening can calculate it in an instant, 
and can supply it suitable for each cylinder. 

[0029] About ignition-timing control as well as the case of the fuel oil consumption shown in drawing 
7 , it memorizes beforehand to the storage in a controller by making ignition timing into a parameter due 
to differential pressure deltaP in whenever [ throttle valve-opening ], and a cylinder, and the signal 
detection of whenever [ this storage value and throttle valve-opening / when considering as the 
aforementioned parameter ], and each sensor of differential pressure deltaP in a cylinder can determine 
ignition timing. 

[0030] Next, the engine control by the signal of whenever [ throttle valve-opening ], and a cylinder 
internal pressure sensor is explained. The intention of an operator is included in whenever [ throttle 
valve-opening ]. Then, the air content in a cylinder calculates, fuel quantity calculates from said burden 
and pressure in this cylinder, and proper fuel quantity comes to be supplied in a cylinder at the same 
time a control unit 15 incorporates the signal of the valve angle sensor 23 and a burden is presumed by 
that cause. Drawing 8 is the engine control function block diagram showing actual signal processing, 
and it is used for the firm belief number of whenever [ firing-pressure and crank angle ] computing an 
engine load, the air content in a cylinder, a flammability peak pressure location, and an engine speed, 
respectively whenever [ throttle valve-opening / which is obtained from an engine 1 ]. 
[0031] Then, fuel quantity, ignition timing, etc. will be controlled, performing operation situation 
recognition as an operation and a control command. If the signal of the sensor which measures the air- 
fuel ratio laid to the engine exhaust pipe is incorporated to a control unit 1 5 at this time as described 
above, precision is raised further and Air Fuel Ratio Control can be carried out. According to the 
example of this invention as mentioned above, although accurate engine control is obtained by the signal 
of the cylinder internal pressure sensor 8, it is the description to use the sensor explained below as this 
cylinder internal pressure sensor 8 in this example here. 

[0032] Drawing 9 is one example of the cylinder internal pressure sensor currently used by this 
invention, and it is a cross-sectional view according [ accord / this drawing (a) / drawing of longitudinal 
section / (b) ] to an A- A' line, and in these drawings, 30 divides body material and 3 1 and, for the 2nd 
sensor component and 34, as for the male screw section and 36, a mantle member and 35 are [ the 
section and 32 / the 1st sensor component and 33 / covering device material and 37 ] closure members. 
[0033] It is made from metallic materials which have predetermined rigidity, such as steel, and the 
partition section 31 of that interior which divides the interior of this body material 30 into the pressure 
detecting element X and the temperature detecting element Y in the center mostly is formed, and, as for 
the body material 30, the male screw section 35 for attaching in the engine cylinder head etc. is formed 
in the outside edge by the side of that pressure detecting element X. 

[0034] The 1st sensor component 32 and the 2nd sensor component are constituted from a resistance 
element for wire resistance strain gauges by each, among these the 1st sensor component 32 is attached 
in the peripheral face of the pressure detecting element X of the body material 30, and a mounting 
eclipse and the 2nd sensor component 33 are attached in the periphery section of the temperature 
detecting element Y of the body material 30. The mantle member 34 is made for example, from plastics 
material etc., and the whole sensor is made to function with the covering device material 36 and the 
closure member 37 as a bonnet and a container to protect. Next, actuation of this cylinder internal 
pressure sensor 8 is explained. This cylinder internal pressure sensor 8 is attached and used for the 
engine cylinder head etc. by the male screw section 35 for mounting, as that pressure detecting element 
X is open for free passage in an engine cylinder. Then, if an engine is operated and the pressure in a 
cylinder changes, according to this pressure variation, the pressure in the pressure detecting element X 
of the body material 30 will also change, consequently stress will work to the pressure detecting element 
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X of the body material 30, a pressure is followed, it will expand and contract and the dimension of the 
direction of a path will change. 

[0035] when the outer-diameter dimension of the pressure detecting element X changes [ the 1st sensor 
component 32 ] from mounting ******** according to the pressure in a cylinder, in the pressure 
detecting element X of the body material 30, this change will be detected by the 1st sensor component 
32 as an electrical signal, therefore the actuation as a cylinder internal pressure sensor will be obtained. 
[0036] However, since there is temperature dependence in the 1st sensor component 32 at this time, if 
temperature changes, an error will be produced in detection of a pressure. Then, as it is made to have 
been obtained in this example in temperature compensation by the 2nd sensor component 33 and is 
shown in drawing 10 for this reason, a bridge circuit is formed with the 1st sensor component 32 using 
AC power supply 37 and resistance elements 38 and 39, and it is ******. Although this 2nd sensor 
component 33 of this is formed in the outside of the temperature detecting element Y of the body 
material 30, since this temperature detecting element Y is made as a part of body material 30 as well as 
the pressure detecting element X, it is maintained at the same temperature as the pressure detecting 
element X. Therefore, cylinder internal pressure can be detected with a sufficient precision, without 
being influenced of a temperature change by using a bridge circuit, as shown in drawing 10 R> 0 since 
the temperature of this 2nd sensor component 33 is also equal to the temperature of the 1st sensor 
component 32. Therefore, according to the example of this invention, better exhaust air clarification and 
the improvement in fuel consumption can be certainly obtained by using the cylinder internal pressure 
sensor explained by this drawing 9 . 

[0037] In addition, although the resistance element for wire resistance strain gauges is used in the above- 
mentioned example as the 1st sensor component 32 and 2nd sensor component 33, if outer-diameter 
change of the body material 30 is detectable, what kind of sensor component is sufficient, for example, it 
can carry out by the electrostatic-capacity sensing element, magnetostrictor, a semi-conductor distorted 
sensing element, etc. 

[0038] By the way, although the pressure detecting element X of the body material 30 is opened for free 
passage in an engine cylinder as it is, you make it filled up with liquids, such as a silicone oil, in this 
pressure detecting element X, diaphragms, such as a suitable metallic thin plate, close, and you may 
make it make cylinder internal pressure act on the pressure detecting-element X wall of the body 
material 30 through this diaphragm and liquid in the example of drawing 9 . If the pressure detecting 
element X of the body material 30 is opened for free passage in the cylinder as it is, pressure resonance 
will occur with the volume of this pressure detecting element X, fear of malfunction by it will arise, but 
if the liquid is full here, dead volume can decrease, organ pipe oscillation can be stopped, and a still 
higher detection precision can be acquired. 

[0039] By the way, in this invention, as described above, the fuel injection valve which injected the 
direct fuel is used in the engine cylinder. Then, drawing 1 1 explains below an example of the fuel 
injection valve 10 used by this invention, this drawing 1 1 — setting — a fuel injection valve 10 - 
electromagnetism -- it has the rod 105 which connects a coil 101, a plunger 102, a bulb 103, and a 
plunger 102 and a bulb 103, and the lift stopper 104 is attached in the rod 105. and - this lift stopper 
104 — a plunger 102 — electromagnetism — the spacer 106 which specifies the amount of strokes when 
the ability to pull up up by a diagram with the MAG which a coil 101 generates intervenes. 
[0040] electromagnetism ~ the coil of a coil 101 is pulled out outside through a terminal 109, and is * 
connected to the fuel-injection-equipment command circuit 18 ( drawing 1 R> 1). And the interior of a 
fuel injection valve 10 is connected with the fuel pump which is not illustrated through the fuel-supply 
section 110, and the fuel of sufficient high pressure to inject a fuel in a cylinder is introduced. 
[0041] 1 1 1 is a valve seat and a bulb 103 is pushed against this with a spring 107. And the nozzle 1 12 
which injects a fuel to this valve seat 1 1 1 is being fixed to the body of a mounting eclipse and a fuel 
injection valve 10. then, electromagnetism — if a current is supplied to a coil 101 — electromagnetism — 
since a coil 101 generates a field, electromagnetic force occurs in a plunger 102 by this, a plunger 102 
resists the elasticity of a spring 107, it can pull up up and a bulb 103 is separated from a valve seat 111, 
a fuel will be injected in a cylinder from a nozzle 112. 
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[0042] By the way, in the fuel injection valve for injecting a direct fuel in such a cylinder, a bulb 103 
etc. is put to the elevated temperature of a combustion chamber at the valve seat 111 which has it in a 
cylinder at a direct mounting eclipse and its head, a nozzle 112, and it, and the temperature amounts also 
to 300 degrees C. 

[0043] Therefore, unless a certain cooling means is given, there is no endurance, and it is not practical. 
Then, while forming the mantle section 113 outside, the inlet port 114 and the outlet 1 15 are established 
in this mantle section 113, and refrigerants, such as air and a liquid, are circulated inside and it is made 
to have been obtained inside in this fuel injection valve 10 in cooling. 

[0044] Therefore, according to this fuel injection valve 10, there is no possibility that a point may 
become an elevated temperature, and sufficient endurance can be given. In addition, instead of 
circulating a refrigerant inside, an volatile liquid is enclosed with the interior, heat is moved to it using 
the latent heat by evaporation and coagulation of this liquid, and you may make it apply the so-called 
vapor cooling which was made to cool. 
[0045] 

[Effect of the Invention] Since direct detection of a signal and the combustion condition for every engine 
cylinder is carried out by the pressure signal whenever [ throttle valve-opening ] according to this 
invention, By the ability emitting the command whether it agrees in operational status and combustion 
whose intention it has is performed can judge [ whose ] immediately, and it carries out optimal amount 
supply of the fuel for every cylinder from a control circuit By applying especially a fuel to the internal 
combustion engine which supplies in a direct engine cylinder The system which suited the global 
warming prevention strengthened from now on can be obtained from the field of a fuel economy and 
exhaust air clarification nature, and improvement in fuel consumption and emission gas purification is 
fully achieved, and can delay environmental deterioration and fossil fuel exhaustion-ization. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block block diagram showing one example of the engine control system using the 
cylinder internal pressure sensor by this invention. 

[Drawing 2] It is property drawing showing an engine example of a cylinder internal pressure wave. 
[Drawing 3] It is the explanatory view of engine valve timing. 

[Drawing 4] It is the explanatory view of the inhalation air content calculation by engine cylinder 
internal pressure. 

[Drawing 5] It is the explanatory view showing an example of the table used for calculation of an 
inhalation air content in the one example of this invention. 

[Drawing 6] It is the flow chart which shows inhalation air data processing by one example of this 
invention. 

[Drawing 7] It is property drawing showing the relation between the cylinder internal pressure 
difference in one example of this invention, and a throttle-valve opening. 

[Drawing 8] It is the functional block diagram of the engine control system in one example of this 
invention. 

[Drawing 9] It is the explanatory view of the cylinder internal pressure sensor currently used in the one 
example of this invention. 

[Drawing 10] It is the circuit diagram showing the detector currently used in the one example of this 
invention. 

[Drawing 1 1] It is the sectional view showing an example of the fuel injection valve used for the direct 
fuel injection in a cylinder in the one example of this invention. 
[Description of Notations] 

1 Engine 

2 Piston 

3 Cylinder 

4 Combustion Chamber 

8 Cylinder Internal Pressure Sensor 

9 Inlet Pipe 

10 Fuel Injection Valve 

1 1 Throttle Valve 

12 Crank Angle Sensor 

13 Exhaust Pipe 

14 Oxygen Density Sensor 

15 Controller 

30 Body Material 

3 1 Partition Section 

32 1st Sensor Component 

33 2nd Sensor Component 
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34 Mantle Member 

35 Male Screw Section 

36 Covering Device Material 

37 Closure Member 
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DRAWINGS 
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[Drawing 7 ] 
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[Drawing 11] 
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[Drawing 6] 
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